ELECTRON TUBE DEVICE MOUNTED WITH A COLD CATHODE AND 
A METHOD OF IMPRESSING VOLTAGES ON ELECTRODES OF THE 

ELECTRON TUBE DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

The present invention relates to an electron tube 
device, more particularly to an electron tube device 
mounted with a cold cathode having an electron gun which 
uses a cold cathode provided with an array of field 
emitters as an election source, and a method of 
impressing voltages on electrodes of the electron tube 
device . 

2. Description of the Related Art: 

Collision of positive ions with a cold cathode is 
one of the reasons for degradation of the cold cathode of 
an electron tube which uses a cold cathode as an electron 
source. Positive ions are generated when beam collide 
with an electrode such as a collector electrode or an 
accelerating electrode haying electric potential higher 
than that of the emitters or the residual gas in an 
electron tube. Since generated positive ions tend to 
proceed in the direction of lower electric potential, 
some of the ions proceed toward the cold cathode. When 
these positive ions collide with a cold cathode emitter, 
the emitter is deformed. The beam current from the cold 



cathode is highly sensitive to deformation of the shape 
of the emitter and easily changed by its influence. The 
degradation of characteristics of a cold cathode caused 
by collision of positive ions is remarkably larger than 
5 in a hot cathode. Therefore, in an electron tube having 
a cold cathode as an electron source, degradation of 
characteristics proceeds rapidly. 

In order to prevent the degradation characteristic 
in a cold cathode, for example, as disclosed in Japanese 
10 Patent Laid-open No. 63489/97, an electron tube mounted 
with a cold cathode of this kind has hitherto been 
provided with a mechanism which prevents the degradation 
of the cold cathode caused by collision against the cold 
cathode by positive ions generated on the collector 
15 electrode side. 

Figs. 1A and IB show an example of a structure of 
an electron tube mounted with a cold cathode disclosed in 
Japanese Patent Laid-open No. 63489/97. Around cold 
cathode 11 for emitting electron beam e, there is 
20 provided Wehnelt electrode 12, with accelerating 
electrode 13, ion trap electrode 14 and collector 
electrode 15 also provided. In cold cathode 11, for 
example, a part of which is shown in an enlarged view in 
Fig. IB, a number of needle-shaped emitters 22 are 
25 regularly disposed on the surface of silicon substrate 21, 
and gate electrodes 24 are disposed each having gate hole 
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23 which is disposed in front of and near the top of the 
emitter 22 corresponding to each emitter- Gate electrode 

24 is composed of a metallic thin film and disposed on 
substrate 21 through insulation layer 25- When the 
electron tube is operated, as shown in Fig. 1A, a control 
voltage in a range of 0 ± several volts is applied from 

gate power supply 31 to gate electrode 24 against cold 
cathode 11. Further, a negative voltage of several 
hundred V is given to Wehnelt electrode 12 from Wehnelt 
power supply 32 r and a positive accelerating voltage of 
several kV is impressed on accelerating electrode 13 from 
power supply 33- Further, a negative voltage of several 
hundred V against collector electrode 15 is applied from 
power supply 35 to ion trap electrode 14. 

The operation of the electron tube device mounted 
with the cold cathode will next be described. By 
controlling gate electrode 24 to the proper electric 
potential, electrons are emitted from the top of each 
emitter 22 and radiated in the direction of collector 
electrode 15 passing through each corresponding gate hole 
23 with the acceleration potential generated by 
accelerating electrode 13. At this time, positive ions 
generated in collector electrode 15 have a tendency to 
proceed in the direction of a cathode of low electric 
potential (direction of ion trap electrode 14). However, 



since the electric potential of accelerating electrode 13 
is sufficiently high, positive ions are repelled by means 
of the electric potential of the accelerating electrode 
13 and acquired by ion trap electrode 14. Therefore, 
positive ions can hardly reach cold cathode 11 and hence 
deterioration of the cold cathode can be prevented. 

Further, in Japanese Patent Laid-open No. 192638/95, 
there are disclosed conditions that prevent deterioration 
of a cathode caused by the collision of positive ions 
against the cathode in a traveling wave tube device which 
is one of electron tube devices mounted with cold 
cathodes, the positive ions being generated in a slow 
wave circuit or the collector electrode side of the 
traveling wave tube device. 

Fig. 2 shows an example of a structure of the 
traveling wave tube disclosed in Japanese Patent Laid- 
open No. 192638/95. A traveling wave tube is an electron 
tube which amplifies a microwave by utilizing the 
interaction between the electron beam and the microwave, 
and has slow wave circuit 2 which makes the electron beam 
and the microwave interact between an electron gun and a 
collector electrode (not shown) . 

The electron gun includes cathode 10, Wehnelt electrode 
12, accelerating electrode 13 and ion barrier electrode 
16. If a beam current is denoted as Io (A), a beam 
radius ro (m) , the inside diameter of ion barrier 



electrode 16 rib (m) , electric potential of slow wave 
circuit 2 Vo (V) f the inside diameter rib and the 
electric potential Vib of ion barrier electrode 16 are 
determined so that they can satisfy the following 
relationship . 



a = 1.515 X 10 4 (V 3/2 /A) 

According to the present invention f the ion barrier 
electrode can prevent ions from reaching the cathode by 
always forming a surface of high electric potential which 
can prevent the generation of positive ions to caused in 
a slow wave circuit or the collector electrode side, that 
is f a barrier. Said patent has no description with 
reference to a cold cathode r but it is also applicable to 
a traveling wave tube mounted with a cold cathode. 

In this way, a mechanism is proposed which can 
prevent the deterioration of the characteristics of a 
cathode caused by collision of a cathode with positive 
ions generated in a collector electrode or a slow wave 
circuit other than an electron gun* 

In an electron gun using a hot cathode as an 
electron source, the maximum emission current to be 
obtained from the electron gun is determined by the 
Langmuir-Child law. In other words, according to the 
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Langmuir-Child law, the maximum emission current is 
determined by the product of a coefficient inevitably 
determined by the electron gun structure (hereinafter 
called a perveance) and 3/2 power of the accelerating 
electrode voltage. 

On the other hand, in the electron gun using a cold 
cathode as the electron source, the emission current is 
necessarily determined by the gate electrode impressed 
voltage and does not satisfy the above Langmuir-Child law. 
Consequently, when a cold cathode is used as the electron 
source, a beam current in excess of the product of an 
electron gun perveance determined by the structure of the 
electron gun and 3/2 power of the accelerating electrode 
voltage can be removed from the cathode. 

In this case, when the beam current emits electrons 
from the cathode under an operating condition exceeding 
the operating conditions of a space charge restriction 
region indicated by the product of the perveance of the 
electron gun and 3/2 power of the accelerating electrode 
voltage, there is a problem that electric charges in 
express of the electric charges allowed by the electron 
gun structure will exist in the space in the vicinity of 
the cathode. Particularly, an array of cold cathodes 
composed of two or more emitters form a domain where 
electron density becomes high within the region in which 
electrons emitted from neighboring emitters interact . 



That is, in a cold cathode composed of a single emitter, 
the beam current receives only space charge restrictions 
formed in the extreme vicinity of the emitter surface. 
Electrons which override the space charge restrictions in 
the vicinity of the emitter surface fly under the control 
of the electron lens system. On the other hand, in the 
cold cathode comprising an array of field emitters which 
can supply a large current, electrons overriding the 
space charge restrictions in the vicinity of said emitter 
surface are next subject to space charge restrictions 
from electrons emitted from the neighboring emitter, 
being accordingly subjected to restrictions related to 
lateral divergence. Therefore, when the electron beams 
are considered as a whole, charges are accumulated in the 
region in which electrons emitted from neighboring 
emitters on the cathode surface interact, then beam 
transmission is rapidly deteriorated from the effects by 
the electric field formed by these excessive charges, 
that is, the electron beam diverges. At this time, 
motion energy of the electron is almost 0 ev for the hot 
cathode, but is about several tens eV for the cold 
cathode because electrons are accelerated by the gate 
electrode impressed voltage. A part of these dispersed 
electrons become uncontrollable and collide with the 
accelerating electrode and a helix disposed to it in the 
traveling wave tube. When electrons collide with the 



accelerating electrode, positive ions or gas are 
generated from the accelerating electrode. When the beam 
strikes the gas generated from the accelerating electrode, 
positive ions are generated. These positive ions collide 
with the cold cathode and cause deformation of the 
emitter. In this way, in the prior art electron tube 
device mounted with the cold cathode, the emission 
characteristics of the cold cathode are deteriorated. 

In the prior art, there has been a method for 
preventing positive ions generated by the collector from 
colliding with the cathode by providing an ion barrier 
electrode. However, since there has been no definite 
limitation in the relationship between the beam current 
and the accelerating electrode voltage, no applicable 
means has been presented for preventing positive ions 
from being generated between the cathode and the 
accelerating electrode, and hence design procedures for a 
constantly stable action have never been realized, 

SUMMARY OF THE INVENTION 
An object of the present invention is to provide an 
electron tube device mounted with a cold cathode having a 
traveling wave tube device, the device being protected 
against deterioration of the cold cathode caused by the 
collision of positive ions against the cold cathode, and 
a method of impressing voltages on electrodes of the 
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election tube device. 

In order to achieve the above object, a first 
method of impressing voltages on electrodes of an 
electron tube device mounted with a cold cathode of the 
5 present invention comprises the steps of: 

impressing voltage Va which satisfies the following 
expression on an accelerating electrode, 

lb < P/i x Va 3 ' 2 
when a beam current emitted from the cold cathode by 
10 impressing voltage on a gate electrode is denoted as lb, 
and a perveance of an electron gun to be determined 
according to a form of said electron gun is denoted as P 

\i ; and 

impressing required voltages on a cold cathode 
15 having an array of field emitters, a gate electrode and a 
collector electrode, respectively. 

In the electron tube device mounted with the cold 
cathode, in accordance with the above electrode voltage 
impressing method, since the beam current is less than a 
20 product of a perveance of the electron gun and the 3/2 
power of the accelerating electrode voltage, the 
divergence of the beam due to space charge effects is 
controlled and hence the beam scarcely collides with the 
accelerating electrode. Accordingly, positive ions are 
25 generated between the cold cathode and the accelerating 
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electrode thereby preventing the deterioration of the 

cold cathode. 

A second method of impressing voltages on 

electrodes of the electron tube device mounted with the 
5 cold cathode of the present invention is a method of 

impressing voltages on electrodes of a traveling wave 

tube device comprising the steps of: 

impressing voltage Va which satisfies the following 

expression on an accelerating electrode, 
10 lb < Pjle x Va 3/2 

when the beam current emitted from the cold cathode by 

impressing voltage on the gate electrode is denoted as lb, 

and the perveance of the electron gun to be determined 

according to the form of said electron gun is denoted as 

15 Pju ? and 

impressing required voltages on a cold cathode 
having an array of field emitters, a gate electrode, a 
Wehnelt electrode, an ion trap electrode, a slow wave 
circuit and a collector electrode, respectively. 
20 According to the voltage impressing condition which 

satisfies expression 1, since electrons emitted from the 
cold cathode reach the collector electrode through the 
slow wave circuit without colliding with the accelerating 
electrode and the ion trap electrode, the cold cathode is 
25 protected against impulse damage which is caused by 
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positive ions, thereby enabling it to operate stably 
enabling it. 

A third method of impressing voltages on electrodes 
of the electron tube device mounted with the cold cathode 
5 of the present invention comprises the step of: 

impressing required voltages on a cold cathode 
having an array of field emitters, a Wehnelt electrode, a 
gate electrode, an accelerating electrode and a collector 
electrode, respectively, and maintaining the difference 
10 between the electric potential of the Wehnelt electrode 
and that of the gate electrode to a constant value. 

A fourth method of impressing voltages on 
electrodes of the electron tube device mounted with the 
cold cathode of the present invention is the method of 
15 impressing voltages on electrodes of a traveling wave 
tube device comprising the step of: 

impressing required voltages on a cold cathode 
having an array of field emitters, a gate electrode, a 
Wehnelt electrode, an accelerating electrode, an ion trap 
20 electrode, a slow wave circuit and a collector electrode, 
. respectively, and concurrently maintaining the difference 
between the electric potential of the Wehnelt electrode 
and that of the gate electrode at a constant value. 

According to the third and the fourth methods of 
25 impressing voltages on electrodes of the electron tube 
device mounted with the cold cathode of the present 
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invention, since the difference between the electric 
potential of the Wehnelt electrode and that of the gate 
electrode is kept constant, generation of gas or positive 
ions caused by collision of the beam current against the 
accelerating electrode can be prevented thereby realizing 
safe operation of the device. 

A fifth method of impressing voltages on electrodes 
of the electron tube device mounted with the cold cathode 
of the present invention comprises the step of: 

impressing required voltages on a cold cathode 
having an array of field emitters, a gate electrode and a 
collector electrode, respectively, and impressing on an 
accelerating electrode the highest voltage of said 
respective electrodes at all times including the 
operation time, the rise time, the fall time and the time 
of abnormal operation of the device. 

A sixth method of impressing voltages on electrodes 
of the electron tube device mounted with the cold cathode 
of the present invention comprises the steps of: 

, impressing a required voltage on an accelerating 
electrode; 

impressing required voltages on a cold cathode 
having an array of field emitters, a gate electrode, an 
electrode adjacent to the accelerating electrode and a 
collector electrode, respectively, and concurrently 
impressing on an electrode included in the above 
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electrodes and disposed adjacent to the accelerating 
electrode the highest voltage of said respective 
electrodes at all times including the operation time, the 
rise time, the fall time and the time of abnormal 
5 operation of the device. 

A seventh method of impressing voltages on 
electrodes of the electron tube device mounted with the 
cold cathode of the present invention is the method of 
impressing voltages on electrodes of the traveling wave 
10 tube device comprising the step of: 

impressing required voltages on a cold cathode 
having an array of field emitters, a gate electrode, a 
Wehnelt electrode, an ion trap electrode, a slow wave 
circuit and a collector electrode, respectively, and 
15 impressing on an accelerating electrode the highest 
voltage of the respective electrodes at all times 
including the operation time, the rise time, the fall 
time and the time of abnormal operation of the device. 
In the fifth, sixth and the seventh methods of 
20 impressing voltages on the electrodes of the electron 

tube device mounted with the cold cathode of the present 
invention, since the accelerating electrode or the 
electrode adjacent to the accelerating electrode always 
has the highest electric potential, even when an 
25 abnormality occurs in the electron source, generated 

positive ions can not reach the cathode because they are 
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repelled by the electric field produced by the electrode 
of the highest electric potential. 

An eighth method of impressing voltages on 
electrodes of the electron tube device mounted with the 
cold cathode of the present invention comprises the step 
of: 

impressing required voltages on a cold cathode 
having an array of field emitters, a gate electrode, an 
accelerating electrode and a collector electrode, 
respectively, and finally impressing the gate electrode 
voltage at the rise time of the device and first shutting 
off the gate electrode voltage at the fall time of the 
device . 

A ninth method of impressing voltages on electrodes 
of the electron tube device mounted with the cold cathode 
of the present invention is the method of impressing 
voltages on electrodes of the traveling wave tube device 
comprising the steps of: 

impressing required voltages on a cold cathode 
having an array of field emitters, a gate electrode, an 
accelerating electrode, a Wehnelt electrode, an ion trap 
electrode, a slow wave circuit and a collector electrode, 
respectively, and 

finally impressing the gate electrode voltage at the rise 
time of the device and first shutting off the gate 
electrode voltage at the fall time of the device. 
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In the eighth and the ninth methods of impressing 
voltages on the electrodes of the electron tube device 
mounted with the cold cathode of the present invention, 
when the electron beam is emitted, since prescribed 
voltages are impressed on electrodes other than the 
collector electrode, generation of gas or positive ions 
caused by the collision of electron beams against 
electrodes other than the collector electrode can be 
prevented, thereby controlling deterioration of the cold 
cathode- 

A first electron tube device mounted with a cold 
cathode of the present invention comprises: 

an electron gun having a cold cathode for emitting 
electron beam from an array of field emitters, a gate 
electrode and an accelerating electrode; 

a collector electrode; and 

a power supply unit for impressing required 
voltages on the cold cathode, gate electrode, and 
collector electrode, respectively, and impressing voltage 
Va which satisfies the following expression on the 
accelerating electrode, 

lb < Bfi x Va 3/2 
when a beam current emitted from the cold cathode by 
impressing voltages on gate electrode is denoted as lb, 
and a perveance of an electron gun to be determined 
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according to the form of said electron gun is denoted as 

A second electron tube device mounted with a cold 
cathode of the present invention is a traveling wave tube 
device comprising: 

an electron gun having a cold cathode for emitting 
electron beam from an array of field emitters, a gate 
electrode, a Wehnelt electrode, an accelerating electrode 
and an ion trap electrode;* 

a slow wave circuit; 

a collector electrode; 

a power supply unit for impressing required 
voltages on the cold cathode, gate electrode, Wehnelt 
electrode, ion trap electrode, slow wave circuit, and 
collector electrode, respectively, and impressing voltage 
Va which satisfies the following expression on an 
accelerating electrode, 

lb < Pfi x Va 3/2 

when the beam current emitted from the cold cathode by 
impressing voltages on the gate electrode is denoted as 
lb, and the perveance of the electron gun to be 
determined according to a form of the electron gun is 

denoted as P/x • 

A third electron tube device mounted with a cold 
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cathode of the present invention comprises: 

an electron gun having a cold cathode for emitting 

electron beam from an array of field emitters, a Wehnelt 

electrode , a gate electrode and an accelerating 

electrode; 

a collector electrode; and 

a power supply unit for impressing required 
voltages on the cold cathode, Wehnelt electrode, gate 
electrode, accelerating electrode, and collector 
electrode, respectively, and maintaining the difference 
between the electric potential of the Wehnelt electrode 
and that of the gate electrode to a constant value. 

A fourth electron tube device mounted with a cold 
cathode of the present invention is a traveling wave tube 
device which comprises : 

an electron gun having a cold cathode for emitting 
electron beam from an array of field emitters, a Wehnelt 
electrode, a gate electrode, an accelerating electrode 
and an ion trap electrode; 
. a slow wave circuit; 
a collector electrode; 

a power supply unit for impressing required 
voltages on the cold cathode, gate electrode, 

Wehnelt electrode, accelerating electrode, ion trap 
electrode, slow wave circuit, and collector electrode, 
respectively, and maintaining the difference between the 
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electric potential of the Wehnelt electrode and that of 
the gate electrode at a constant value, 

A fifth electron tube device mounted with a cold 
cathode of the present invention comprises: 

an electron gun having a cold cathode for emitting 
electron beam from an array of field emitters, a gate 
electrode and an accelerating electrode; 

a collector electrode; and 

a power supply unit for impressing required 
voltages on the cold cathode, gate electrode, and 
collector electrode, respectively, and for impressing on 
the accelerating electrode the highest voltage of the 
respective electrodes at all times including the 
operation time, the rise time, the fall time and the time 
of abnormal operation of the device. 

A sixth electron tube device mounted with a cold 
cathode of the present invention comprises: 

an electron gun having a cold cathode for emitting 
electron beam from an array of field emitters, a gate 
electrode and an accelerating electrode; 

a collector electrode; and 

a power supply unit for impressing required 
voltages on the cold cathode, accelerating electrode, 
gate electrode, and collector electrode, respectively, 
and for impressing on the electrode which is included in 
the above electrodes and disposed adjacent to the 
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accelerating electrode the highest voltage of the 
respective electrodes at all times including the 
operation time, the rise time, the fall time and the time 
of abnormal operation of the device* 

A seventh electron tube device mounted with a cold 
cathode of the present invention is a traveling wave tube 
device comprising: 

an electron gun having a cold cathode for emitting 
an electron beam from an array of field emitters, a gate 
electrode, a Wehnelt electrode, an accelerating electrode 
and an ion trap electrode; 

a slow wave circuit; 

a collector electrode; and 

a power supply unit for impressing required 
voltages on the cold cathode, gate electrode, Wehnelt 
electrode, ion trap electrode, slow wave circuit, and 
collector electrode, respectively, and for impressing on 
the accelerating electrode the highest voltage of the 
respective electrodes at all times including the 
operation time, the rise time, the fall time, and the 
time of abnormal operation of the device. 

An eighth electron tube device mounted with a cold 
cathode of the present invention comprises: 

an electron gun having a cold cathode for emitting 
an electron beam from an array of field emitters, a gate 
electrode, and an accelerating electrode; 
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a collector electrode; and 

a power supply unit for impressing required 
voltages on the cold cathode, gate electrode , 
accelerating electrode, and collector electrode, 
respectively, and finally impressing the gate electrode 
voltage at the rise time of the device and first shutting 
off the gate electrode voltage at the fall time of the 
device . 

A ninth electron tube device mounted with a cold 
cathode of the present invention is a traveling wave tube 
device which comprises : 

an electron gun having a cold cathode for emitting 
an electron beam from an array of field emitters, a gate 
electrode, a Wehnelt electrode, an accelerating electrode 
and an ion trap electrode; 

a slow wave circuit; 

a collector electrode; 

a power supply unit for impressing required 
voltages on the cold cathode, gate electrode, Wehnelt 
electrode, ion trap electrode, slow wave circuit, and 
collector electrode, respectively, and finally impressing 
the gate electrode voltage at the rise time of the device 
and first shutting off the gate electrode voltage at the 
fall time of the device. 

A tenth electron tube device mounted with a cold 
cathode of the present invention comprises: 
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an electron gun having a cold cathode for emitting 
an electron beam from an array of field emitters, a gate 
electrode , and an accelerating electrode; 

a collector electrode; 

a plurality of power supply units for impressing 
required voltages on the cold cathode, gate electrode , 
accelerating electrode, and collector electrode, 
respectively; wherein 

among a plurality of power supply units, the power 
supply unit to be connected to the electrode on which the 
highest voltage is impressed has a voltage drop time 
constant, at a time of a power supply stop, larger than 
that of other power supply units connected to other 
electrodes . 

In the above electron tube device mounted with the 
cold cathode, since the power supply unit connected to 
the electrode on which the highest voltage is impressed 
has the voltage drop time constant at the time of the 
power supply stop larger than that of other power supply 
units, connected to other electrodes, the electric 
potential of the electrode connected to this power supply 
unit is securely maintained at the highest level even at 
the time of the voltage drop. 

The power supply unit to be connected to the 
electrode on which the highest voltage is impressed can 
be composed of DC power supply and a capacitor, where the 
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DC power supply and the capacitor being connected in 
parallel . 

Further, the power supply unit to be connected to 
the electrode on which the highest voltage is impressed 
can be composed of DC power supply and a coil, where the 
coil being connected in series to an output side of an 
anode of the DC power supply. 

An eleventh electron tube device mounted with a 
cold cathode of the present invention is a traveling wave 
tube device comprising: 

an electron gun having a cold cathode for emitting 
an electron beam from an array of field emitters, a gate 
electrode, a Wehnelt electrode, an accelerating electrode 
and an ion trap electrode; 

a slow wave circuit; 

a collector electrode; 

a plurality of power supply units for impressing 
required voltages on the cold cathode, gate electrode, 
Wehnelt electrode, accelerating electrode, ion trap 
electrode, slow wave circuit, and collector electrode, 
respectively; wherein 

among a plurality of power supply units , the power 
supply unit to be connected to the electrode on which the 
highest voltage is impressed has a voltage drop time 
constant at the time of a power supply stop larger than 
that of other power supply units connected to other 
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electrodes . 

In this traveling wave tube device, in the same way 
as the tenth electron tube device mounted with the cold 
cathode, the electric potential of the electrode on which 
the highest voltage is impressed is securely maintained 
at the highest level even at the time of the voltage drop 
due to the power supply stop. 

The power supply unit connected to the electrode on 
which the highest voltage is impressed can be composed of 
DC power supply and a capacitor, with the DC power supply 
and the capacitor being connected in parallel. 

Further, the power supply unit connected to the 
electrode on which the highest voltage is impressed can 
be composed of DC power supply and a coil, with the coil 
being connected in series to an output side of an anode 
of the DC power supply. 

The above and other object, features, and 
advantages of the present invention will become apparent 
from the following description based on the accompanying 
drawings which illustrate an example of a preferred 
embodiment of the present invention, 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1A is a vertical section of a first prior art 
example of an electron tube device mounted with a cold 
cathode, 
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Fig, IB is an enlarged section of cold cathode 11 
of Fig. 1A, 

Fig. 2 is a vertical section of a second prior art 
example of an electron tube device mounted with a cold 
cathode, 

Fig. 3 is a flow chart of a first embodiment with 
reference to a method of impressing voltages on 
electrodes of an electron tube device mounted with a cold 
cathode of the present invention, 

Fig. 4 is a flow chart of a second embodiment with 
reference to the method of impressing voltages on the 
electrodes of the electron tube device mounted with the 
cold cathode of the present invention, 

Fig. 5 is a flow chart of a third embodiment with 
reference to the method of impressing voltages on the 
electrodes of the electron tube device mounted with the 
cold cathode of the present invention, 

Fig. 6 is a flow chart of a fourth embodiment with 
reference to the method of impressing voltages on the 
electrodes of the electron tube device mounted with the 
cold cathode of the present invention, 

Fig. 7 is a flow chart of a fifth embodiment with 
reference to the method of impressing voltages on the 
electrodes of the electron tube device mounted with the 
cold cathode of the present invention, 
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Fig. 8 is a flow chart of a sixth embodiment with 
reference to the method of impressing voltages on the 
electrodes of the electron tube device mounted with the 
cold cathode of the present invention, 

Fig. 9 is a flow chart of a seventh embodiment with 
reference to the method of impressing voltages on the 
electrodes of the electron tube device mounted with the 
cold cathode of the present invention, 

Fig. 10 is a flow chart of an eighth embodiment 
with reference to the method of impressing voltages on 
the electrodes of the electron tube device mounted with 
the cold cathode of the present invention, 

Fig. 11 is a flow chart of a ninth embodiment with 
reference to the method of impressing voltages on the 
electrodes of the electron tube device mounted with the 
cold cathode of the present invention, 

Fig. 12 is a vertical section of the first 
embodiment with reference to the electron tube device 
mounted with the cold cathode of the present invention, 
■ Fig. 13 is a vertical section of a traveling wave 
tube device mounted with a cold cathode which constitutes 
a second embodiment of the electron tube device mounted 
with the cold cathode of the present invention, 

Fig. 14 is a vertical section of a traveling wave 
tube device mounted with a cold cathode which constitutes 
a third embodiment of the electron tube device mounted 
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with the cold cathode of the present invention, 

Fig, 15 is a vertical section of a traveling wave 
tube device mounted with a cold cathode which constitutes 
a fourth embodiment of the electron tube device mounted • 
with the cold cathode of the present invention, 

Fig. 16 is a circuit diagram of power supply unit 
47 of Fig, 15, 

Fig, 17 is another circuit diagram of power supply- 
unit 47 of Fig. 15, 

Fig. 18 is a vertical section of a cathode ray tube 
(hereinafter called CRT) which constitutes a fifth 
embodiment of the electron tube device mounted with the 
cold cathode of the present invention, 

Fig, 19 is an expanded vertical section of electron 
gun 3 of CRT shown in Fig. 18. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
A first embodiment with reference to a method of 
impressing voltages on electrodes of an electron tube 
device mounted with a cold cathode of the present 
invention will be described referring to Fig. 3 and Fig, 
12. 

An electron tube device mounted with a cold cathode 
shown in Fig. 12 comprises electron gun 1 and collector 
electrode 15, electron gun 1 further including cold 
cathode 11 having an array of field emitters, gate 
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electrode 24 and accelerating electrode 13. 

A method of impressing voltages on electrodes of 
this electron tube device mounted with the cold cathode 
comprises, as shown in Fig. 13, the steps of: 

first impressing voltage Va which satisfies the 
following expression on accelerating electrode 13 (Step 
Sll), 

lb < Pfi x Va 3/2 expression 1 

when a beam current emitted from cold cathode 11 by 
impressing voltage on gate electrode 24 is denoted as lb, 
and a perveance of electron gun 1 to be determined 
according to a form of electron gun 1 is denoted as P fi ; 
and then 

impressing required voltages on cold cathode 11, 
gate electrode 24 and collector electrode 15, 
respectively (Step S12). 

In the electron tube device mounted with the cold 
cathode, by impressing an appropriate voltage on gate 
electrode 24, electrons corresponding to electric 
currents determined by the voltage of gate electrode 24 
are emitted from cold cathode 11, electrons are 
accelerated by accelerating electrode 13, and radiated to 
collector electrode 15 which has been impressed with 
voltage 41. At this time when the beam current is 
emitted from cold cathode 11 exceeding a product of a 
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perveance of the electron gun and the 3/2 power of the 
impressed voltage, the beam is made to diverge strongly 
by the space charge effect thereby colliding with 
accelerating electrode 13. Consequently, gas leaves 
accelerating electrode 13, and then the gas and the beam 
collide with each other to produce positive ions. The 
positive ions are also directly generated from 
accelerating electrode 13- The positive ions generated 
between the cold cathode and the accelerating electrode 
proceed toward the cold cathode of low electric potential. 
Collision of positive ions against cold cathode 11 causes 
deterioration of the cold cathode. However, in the 
present embodiment, since the beam current is less than 
the product of the perveance of the electron gun and the 
3/2 power of the accelerating electrode voltage, the 
divergence of the beam is controllable even when the beam 
is made to diverge by the space charge effect and the 
beam scarcely collides with accelerating electrode 13. 
Accordingly, positive ions are scarcely generated between 
the cold cathode and the accelerating electrode and hence 
no deterioration of the characteristic of the cold 
cathode is observed. 

A second embodiment with reference to the method of 
impressing voltages on electrodes of the electron tube 
device mounted with the cold cathode of the present 
invention will be described referring to Fig. 4 and Fig. 
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The electron tube device mounted with a cold 
cathode shown in Fig. 13 is a traveling wave tube device 
comprising electron gun 1, slow wave circuit 2 and 
collector electrode 15, electron gun 1 further including 
cold cathode 11 having an array of field emitters, 
Wehnelt electrode 12, accelerating electrode 13, gate 
electrode 24 and ion trap electrode 14* 

A method of impressing voltages on electrodes of 
this electron tube device mounted with the cold cathode 
comprises, as shown in Fig. 4, the steps of: 

first impressing voltage Va which satisfies the 
following expression on accelerating electrode 13 (Step 
S21), 

lb < P/i x Va 3 ' 2 expression 1 

when the beam current emitted from cold cathode 11 by 
impressing voltage on gate electrode 24 is denoted as lb, 
and the perveance of electron gun 1 to be determined 
according to the form of electron gun 1 is denoted as P 

\i j and then 

impressing required voltages on cold cathode 11, 
gate electrode 24, Wehnelt electrode 12, ion trap 
electrode 14, slow wave circuit 2 and collector electrode 
15, respectively (Step S22). 
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In the present embodiment, since the voltage which 
satisfies expression 1 is impressed on accelerating 
electrode 13, electrons emitted from cold cathode 11 
reach collector electrode 15 through the inside of helix 
20 of slow wave circuit 2 without striking accelerating 
electrode 13 and ion trap electrode 14. Since electrons 
do not strike accelerating electrode 13, ion trap 
electrode 14 and helix 20, no impact damage is caused by 
positive ions on cold cathode 11 thereby allowing it to 
perform stable operation. 

A third embodiment with reference to the method of 
impressing voltages on electrodes of the electron tube 
device mounted with the cold cathode of the present 
invention will be described referring to Fig. 5 and Fig. 
12. 

In order to make the electron tube mounted with the 
cold cathode operate in a stable manner, it is necessary 
to control an elapse change of an emission current to be 
emitted from cold cathode 11. Control of the amount of 
emission can be realized by the voltage control of gate 
24. If there is an Wehnelt electrode and the voltage to 
be impressed on Wehnelt electrode (hereinafter referred 
to as Wehnelt voltage) is constant, and yet the gate 
voltage is changed (particularly increased), there is a 
possibility of electrons colliding with accelerating 
electrode 13. Therefore, for realizing stable operation 
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in which accelerating electrode 13 is never subjected to 
the collision of electrons, it is required to control the 
Wehnelt voltage in accordance with a controlled gate 
voltage. 

This electrode voltage impressing method is the 
method of impressing an electrode voltage of the electron 
tube device mounted with the cold cathode having the 
Wehnelt electrode, as shown in Fig. 5, the method 
comprising the steps of: 

impressing required voltages on cold cathode 11, 
Wehnelt electrode 12, gate electrode 24, accelerating 
electrode 13 and collector electrode 15, respectively and 
controlling to maintain the difference in the electric 
potential between Wehnelt electrode 12 and gate electrode 
24 at a constant value (Step S31) . 

In this embodiment, since the difference in the 
electric potential between Wehnelt electrode 12 and gate 
electrode 24 is kept constant, the collision of electron 
beam against accelerating electrode 13 is controlled to a 
minimum and deterioration .of the element characteristic 
is repressed. 

A fourth embodiment with reference to the method of 
impressing voltages on electrodes of the electron tube 
device mounted with the cold cathode of the present 
invention will be described referring to Fig. 6 and Fig. 
15. 
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This embodiment shows the method of impressing an 
electrode voltage of the traveling wave tube device 
mounted with the cold cathode having the Wehnelt 
electrode shown in Fig, 15, the method comprising, as 
shown in Fig, 6, the steps of: 

impressing required voltages on cold cathode 11, 
gate electrode 24, Wehnelt electrode 12, accelerating 
electrode 13, ion trap electrode 14, slow wave circuit 2 
and collector electrode 15, respectively and controlling 
to maintain the difference in the electric potential 
between Wehnelt electrode 12 and gate electrode 24 to a 
constant value (Step S41). 

In this embodiment, since gate electrode 24 and the 
Wehnelt electrode 12 are controlled while maintaining the 
constant electric potential difference between the two, 
the collision of the electron beam against accelerating 
electrode 13 is controlled to a minimum. 

A fifth embodiment with reference to the method of 
impressing voltages on electrodes of the electron tube 
device mounted with the cold cathode of the present 
invention will be described referring to Fig. 7 and Fig. 
12. 

This electrode voltage impressing method comprises, 
as shown in Fig. 7, the steps of: 

first impressing required voltages on cold cathode 
11, gate electrode 24 and collector electrode 15, 
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respectively, and impressing the highest voltage among 
the respective electrode voltages on accelerating 
electrode 13 at all times including the operation time, 
the rise time, the fall time and the time of abnormal 
operation of the device (Step S51) . 

In the present embodiment, since the electric 
potential of the accelerating electrode voltage always 
becomes the highest, even if an abnormality is generated 
in the power supply, positive ions generated in the 
electron tube are repelled by the electric field produced 
by the accelerating electrode, and hence the positive 
ions do not reach cold cathode 11 thereby allowing to 
control the deterioration of cold cathode 11 to a minimum. 

A sixth embodiment with reference to the method of 
impressing voltages on electrodes of the electron tube 
device mounted with the cold cathode of the present 
invention will be described referring to Fig. 8 and Fig. 
12 . 

As shown in Fig. 8, this electrode voltage 
impressing method comprises the steps of: 

first impressing a required voltage on accelerating 
electrode 13 (Step S61); and 

impressing required voltages on cold cathode 11, 
gate electrode 24, Wehnelt electrode 12 and collector 
electrode 15, respectively, and impressing the highest 
voltage among the respective electrode voltages on an 
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electrode (not shown) adjacent to accelerating electrode 
13 (Step S62) • 

In this embodiment, since the electrode adjacent to 
the accelerating electrode has the highest electric 
potential, even if an abnormality occurs in the power 
supply, generated positive ions are repelled by the 
electric field produced by this electrode and do not 
reach cold cathode 11. 

A method of impressing an electrode voltage of the 
traveling wave tube device which forms a seventh 
embodiment with reference to the method of impressing 
voltages on electrodes of the electron tube device 
mounted with the cold cathode of the present invention 
will be described referring to Fig. 9 and Fig. 13. 

As shown in Fig. 9, the above electrode voltage 
impressing method comprises the step of: 

impressing required voltages on cold cathode 11, 
gate electrode 24, Wehnelt electrode 12, ion trap 
electrode 14, slow wave circuit 2 and collector electrode 
15, respectively, and impressing the highest voltage of 
the respective electrode voltages on accelerating 
electrode 13 at all times including the operation time, 
the rise time, the fall time and the time of an abnormal 
operation of the device (Step S71) . 

According to this electrode voltage impressing 
method, since accelerating electrode 13 has the highest 
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electric potential among respective electrodes, even if 
an abnormality occurs in the power supply, generated 
positive ions are repelled by the electric field produced 
by accelerating electrode 13 and do not reach cold 
cathode 11. 

An eighth embodiment with reference to the method 
of impressing voltages on electrodes of the electron tube 
device mounted with the cold cathode of the present 
invention will be described referring to Fig. 10 and Fig. 
12. 

As shown in Fig. 10, this electrode voltage 
impressing method comprises the step of: 

impressing required voltages on cold cathode 11, 
gate electrode 24, accelerating electrode 13 and 
collector electrode 15, respectively, and finally 
impressing voltage on gate electrode 24 at the rise time 
of the device and first shutting off the voltage of gate 
electrode 24 at the fall time of the device (Step S81) . 

According to the above electrode voltage impressing 
method, since no electron beam is emitted from the cold 
cathode in the state that voltages are not impressed on 
electrodes other than the gate electrode, there is no 
possibility of that electron beams will collide with 
electrodes other than the collector electrode and 
generate positive ions, and hence the cold cathode is not 
deteriorated . 
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A method of impressing voltages on electrodes of 
the traveling wave tube device which represents a ninth 
embodiment with reference to the method of impressing 
voltages on electrodes of the electron tube device 
mounted with the cold cathode of the present invention 
will be described referring to Fig- 11 and Fig. 13. 

As shown in Fig. 11 , the above electrode voltage 
impressing method comprises the step of: 

impressing required voltages on cold cathode 11, 
gate electrode 24 , accelerating electrode 13 , Wehnelt 
electrode 12 f ion trap electrode 14, slow wave circuit 2 
and collector electrode 15, respectively, and finally 
impressing voltage on gate electrode 24 at the rise time 
of the device and first shutting off the voltage of gate 
electrode 24 at the fall time of the device (Step S91) . 

According to the above electrode voltage impressing 
method, since no electron beam is emitted in the state 
that voltages are not impressed on electrodes other than 
the gate electrode, the cold cathode is not deteriorated 
by the collision of positive ions. 

A first embodiment of an electron tube device 
mounted with a cold cathode of the present invention will 
be described with reference to Fig. 12. 

In the electron tube device mounted with the cold 
cathode, an electron tube comprises electron gun 1 and 
collector electrode 15. Electron gun 1. includes cold 
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cathode 11, gate electrode 24 , Wehnelt electrode 12, 
accelerating electrode 13 which are all provided on the 
same axis with predetermined spaces. Here, if a beam 
current is denoted as lb (A) , a voltage to be impressed 
on accelerating electrode 13 , that is, an accelerating 
voltage Va (V) and a perveance of the electron gun P fi , 
beam current lb is determined by power supply 42 and 
accelerating voltage Va is determined by power supply 43 
so that they satisfy the following relationship. 

Ib < P/x x Va 3/2 expression 1 

Although this electron tube device does not include an 
ion trap electrode in electron gun 1, it is allowable to 
include the same in electron gun 1. 

In the present embodiment, since the beam current 
is less than the product of a perveance of the electron 
gun and the 3/2 power of the accelerating electrode 
voltage, the divergence of the beam is controllable even 
if the beam is forced to diverge due to space charge 
effects and hence the beam scarcely collide with 
accelerating electrode 13. Accordingly, positive ions 
are hardly generated between the cold cathode and the 
accelerating electrode, and hence no deterioration is 
observed with reference to the characteristic of the cold 
cathode. 
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A second embodiment of the electron tube device 
mounted with the cold cathode of the present invention 
will be described with reference to Fig. 13. 

This electron tube mounted with the cold cathode is 
a traveling wave tube, and in Fig. 13 and the following 
drawings, magnets the provided on a part of the traveling 
wave tube outside the casing and outside the outside 
casing near helix 20 are omitted. 

In the electron tube mounted with the cold cathode, 
slow wave circuit 2 is disposed between electron gun 1 
and collector 15. By impressing voltages in a range of 
several tens V to a hundred and several tens V by power 
supply 42 on gate electrode 24, the beam current is 
controlled, and by impressing voltage on Wehnelt 
electrode 12 so that the electric potential thereof 
becomes equivalent to that of the gate electrode or 
becomes lower than that of the gate electrode but higher 
than that of the emitter, the divergence of the beam is 
controlled. On helix 20 of slow wave circuit 2, a 
voltage of several kV is impressed by power supply 41, 
and on collector 15 a voltage equivalent to that of helix 
20 is impressed by power supply 41 or a voltage negative 
to that of the helix is impressed by power supply 45. In 
order to acquire positive ions proceeding toward electron 
gun 1 from helix 20, a voltage lower than voltages of the 
helix and the collector electrode are impressed on ion 
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trap electrode 14 by power supply 41 , and a voltage which 
satisfies expression 1 is impressed on accelerating 
electrode 13 by power supply 43 * 

Electrons emitted from cold cathode 11 under the 
voltage impressing condition which satisfies expression 1 
reach collector electrode 15 through the inside of helix 
20 without striking accelerating electrode 13 and ion 
trap electrode 14. Since the electrons do not strike 
accelerating electrode 13, ion trap electrode 14 and 
helix 20, cold cathode 11 can perform stable operation 
without being damaged by impulse of positive ions, 

A third embodiment of the electron tube device 
mounted with the cold cathode of the present invention 
will be described with reference to Fig. 14. 

The electron tube device mounted with the cold 
cathode of the present embodiment is also a traveling 
wave tube, and in the same way as the case of Fig. 13, 
since a voltage which satisfies expression 1 is impressed 
on accelerating electrode 13 by power supply 43, cold 
cathode 11 is arranged so that no impulse damage will be 
caused by positive ions thereon. Further, it is 
necessary to control the time elapsed change of the 
emission currents emitted from cold cathode 11 for 
securing the stable operation of the traveling wave tube. 
Control of the emission current is realized by voltage 
control of gate electrode 24. When the Wehnelt voltage 
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is kept constant and the gate voltage is varied, there is 
a possibility of having electrons which may strike 
accelerating electrode 13. 

In the traveling wave tube mounted with the cold 
cathode of this embodiment, power supply 46 is provided 
for maintaining the difference in the electric potential 
of gate electrode 24 and Wehnelt electrode 12 to a 
constant value, and power supply 42 is provided for 
controlling Wehnelt electrode 12 so that the electric 
potential thereof can automatically be changed* 

According to the above control, the collision of 
electron beam against the accelerating electrode are 
controlled to a minimum, thereby repressing the 
deterioration of the element characteristics. 

A fourth embodiment of the electron tube device 
mounted with the cold cathode of the present invention 
will be described with reference to Figs. 15, 16 and 17. 

This embodiment also shows a traveling wave tube 
mounted with a cold cathode, and it differs from the 
electron tube device of Fig. 13 in that power supply unit 
47 is employed in place of power supply 43. Power supply 
47 impresses voltage on accelerating electrode 13 so that 
a positive voltage is impressed against helix 20 which 
serves as a reference. Cold cathode 11, ion trap 
electrode 14, collector electrode 15 receive voltages 
from power supply 41, 44 and 45 respectively, the 
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voltages being negative against helix 20 which is used as 
the reference. Impressing voltage on gate electrode 24 
by power supply 42 is arranged such that a voltage is 
finally impressed at the operation rise time of the 
electron tube and first cut at the fall time or at the 
time of emergency stop thereof. 

A voltage drop time constant at the rise time of 
power supply unit 47 is larger when compared to those of 
power supply 41 , 44 and 45. As shown in Fig. 16 , a 
structure of power supply unit 47 can be realized by DC 
source 48 and capacitor 49 parallelly connected thereto , 
DC source 48 having a voltage drop time constant 
equivalent to those of power supply 41, 44 and 45. Or as 
shown in Fig t 17, the structure of power supply unit 47 
can be realized by constructing it with DC source 48 and 
coil 50 connected in series to the anode side of DC 
source 48 which has a voltage drop time constant 
equivalent to those of power supply 41 f 44 and 45. 
Further, 

power supply unit 47 can be constituted by using both 
capacitor 49 and coil 50. By using power supply unit 47 , 
the electric potential of accelerating electrode 13 can 
be maintained at the highest level compared to those of 
other electrodes at the rise time and the time of 
emergency stop of the unit. 
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According to the electrode voltage impressing 
method of the present embodiment , ON/OFF operation of 
power supply 42 for controlling the beam current at the 
rise time, the fall time and the time of the emergency- 
stop of the electron tube device is performed in the 
state that other power supply are all impressed. 
Consequently, collision of positive ions with cold 
cathode 11 can be prevented in the same manner as the 
time of normal operation. Further, since the 
accelerating electrode voltage can always have the 
highest electric potential, even if an abnormality occurs 
in the power supply, positive ions generated in helix 20 
and collector 15 are repelled by the electric field 
produced by accelerating electrode 13 connected to power 
supply unit 47 thereby failing to reach cold cathode 11. 
Therefore, the deterioration of cold cathode 11 can be 
controlled to a minimum. 

In the present embodiment, the electric potential 
of accelerating electrode 13 is at the highest level, 
however, even if there is another electrode (not shown) 
disposed adjacent to accelerating electrode 13 on the 
side of collector electrode 15 and the highest electric 
potential is impressed on that electrode, since positive 
ions are repelled by the electric field of that electrode, 
the deterioration of cold cathode 11 is prevented. 
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A fifth embodiment of the electron tube device 
mounted with the cold cathode of the present invention 
will be described with reference to Figs, 18 and 19. 

The electron tubes in Figs, 13 to 15 are provided 
with the ion trap electrode. However, the electron tube 
of this embodiment is a cathode ray tube (hereinafter 
referred to as CRT) illustrated as an example of an 
electron tube which is not provided with an ion trap 
electrode. In Fig 18, an outside casing and CRT 
structure members other than the electron gun are omitted, 
and in Fig. 19, support structures of grids 26 - 29 are 
omitted. 

In the CRT of the present embodiment, electron beam 
current lb emitted from cold cathode 11 provided in 
electron gun 3 is adjusted by changing the voltage 
applied on gate electrode 24. A first grid 26 serves as 
an accelerating electrode in other embodiments, and 
electron beam e is accelerated and focused by passing 
through first grid 26, second grid 27, third grid 28 and 
fourth grid 29 to be emitted in the direction of 
fluorescent screen 17. 

Here, when the voltage of first grid 26 is 

expressed as Va, electron gun perveance P// which is 

determined by the form of the electron gun and beam 
current lb are settled so that they can satisfy 
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expression 1. 

Now, since Va is also settled to satisfy expression 
1, generation of gas or positive ions caused by an 
electron beam which strike first grid electrode 26 is 
prevented, and hence deterioration of the cold cathode 
caused by positive ions can be prevented. Further, if 
beam current lb increases up to a value which can no 
longer satisfy expression 1, the space charge effect in 
the vicinity of cathode 11 is intense causing electron 
beam e to diverge strongly. As a result, the electron 
beam spot diameter is increased deteriorating the 
resolution. Therefore, by making the electron tube 
device of the present invention operate within a range so 
that it can satisfy expression 1, deterioration of the 
resolution particularly at the point of strong luminance 
can be prevented. 

While preferred embodiments of the present 
invention have been described using specific terms, such 
description is for illustrative purposes only, and it is 
to be understood that changes and variations may be made 
without departing from the spirit or scope of the 
following claims. 
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